This article reviews a range of
Introduction
Biochar is the product of thermal degradation of organic materials in the absence of air (pyrolysis), and is distinguished from charcoal by its use as a soil amendment. It is a C rich material produced thorough pyrolysis process by heating any biomass like manure, organic wastes, bioenergy crops (grasses, willows) and crop residues. Biochar production is a simple tool that can (1) enhance soil fertility by improving its physico-chemical properties (2) combat global warming (3) reduce organic/ agricultural waste; and (4) produce renewable energy (syngas and bio-oil). The chemical composition of feedstock and pyrolysis temperature has a significant influence on biochar properties because each feedstock has different elemental composition and their thermal degradation at different temperature differs consequently. Characterizing the properties of biochar from different biomass materials under different production conditions will enable a mechanistic understanding of the effects of different biochars on soil properties and crop nutrients. Therefore, characterizing the properties of biochar is important before its use in agriculture and environmental management ( Figure 1 ).
Figure 1. Diagram showing biochar production processes (From International Biochar Initiative)
Effect of Feedstock on biochar properties Different kind of biomass feedstock wood material, crop residues, switchgrass, organic wastes and animal manure can be used for biochar production [1,2]. Composition of feedstock refers to the cellulose, hemicellulose and lignin component of biomass. The breakdown rate of these each component is different. The organic components of biomass cellulose, hemicelluloses and lignin material are considering a key factor for establishing suitable temperature and feedstock for biochar and bio-fuel production. Yang et al. [3] reported that cellulose and hemicellulose decompose at 220-400 °C, whereas lignin is resistant to decomposition above 400 °C. Furthermore, biochar originates from the lignin component of the biomass, whereas bio-oil comes from cellulose at a pyrolysis temperature of 500 °C.
The biochar derived from manure is typically rich in soil nutrients such as N, P, Ca, Mg, and K [4-7]. The primary reason for the application of wastewater sludge for biochar production and agricultural utilization is higher concentrations of N and P in wastewater sludge biochar, as well as other micro and macronutrients [8] . More recently, [9] reported Achnatherum splendens L. biomass for biochar production and found high ash content in biochar obtained at 700 °C indicating that a significant amount of mineral nutrients are present in biochar and offers a greater potential as a soil amendment. Effect of pyrolysis temperature on biochar properties The properties of biochar are not only a function of the raw feedstock but are also dependent on the pyrolysis conditions, such as temperature, heating rate, and residence time. The C contents in the biochars were 58%, 62%, and 64% at 300, 500, and 700 °C, indicating that the biochar became more carbonaceous as temperature was increased [9] . The biochar produced at high pyrolysis temperature indicate an increase in aromaticity and a decrease in polarity [12] . By using X-ray diffraction analysis, the authors concluded that increasing pyrolysis temperature, cellulose loss and crystalline mineral components increased. Ahmad et al. In general, the cation exchange capacity (CEC) of most biochars is relatively high, in part due to their negative surface charge and resultant affinity for soil cations. With increasing temperature, a dramatic rise in both porosity and surface area was observed [11, 15] . The increased pyrolysis temperature and harsh pyrolysis conditions result in a growing proportion of biochar particles with smaller particle size distributions and recognized different size ranges of pores in biochar particles with scanning electron microscope (SEM) images and with each playing an vital role for the adsorption property of porous material [16] . The ash content of biochar increase with pyrolysis temperature due to concentration of mineral compound in biochar during pyrolysis processes [5] . Usually, with increasing pyrolysis temperature, biochar pH increased due to separating of alkali salts from organic compounds and liming induced by decreasing acidic functional groups and subsequently, increasing basic functional groups [17, 18] . A number of studies indicated that high pyrolysis temperature led to increased surface area and porosity due to escape of volatiles [13, 17]. Irfan et al. [9] found increasing trend in pH, EC and ash content with increasing pyrolysis temperature. So, both feedstock source and pyrolysis temperature decide the final properties of biochar ( Figure 3 ). Biochar as a soil amendment A part from being a C source, biochar has been shown to produce changes in the soil chemical, physical properties and enhance plant growth when used as an organic soil amendment. The higher productivity of "Terra Preta" soils that were regularly amended with biochar and other organic materials than un-amendment soil, led to world-wide interest in applying biochar to agricultural soils. Increasing data show that amending soil with biochar has remarkable effects on the physical, chemical, and microbiological properties of soil [19] [20] [21] . The most notable effects may be the increase in the stable soil C pool and reduced greenhouse gas emissions [22, 23] . Thus, amending soil with biochar is a way to sequester C due to the persistence of biochar-C in soil . [35] confirmed from meta-analysis that biochar greatest positive effect occur in acidic and neutral pH soils and may be liming effect of biochar in soil is driving mechanism an increase in crop yield. Soil amending with biochar increased C, N, available P, pH, CEC and exchangeable cations (e.g. Ca, Mg, Na, and K) in soil [36]. Also, an another study, increases in pH, organic carbon, and exchangeable Na, K, and Ca as well as extractable P but decreases in exchangeable Al in soil as result of amending biochar produced from green waste [36]. Additionally, these changes to soil properties was roughly proportional to the rate of biochar application (e.g. increases with increasing rate of biochar application). SOC is one of the key indicator of soil quality that may improve degraded, highly weather and nutrient poor soil. More recently, some studies have confirmed that biochar using as a soil amendment improved soil organic carbon and total nitrogen [37,38]. Several study have shown that biochar amendment can enhance total N [39-41]. Biochar effect on soil biota There is some evidence from scientific literature that soil microbial communities are responsive to biochar amendment. Biochar incorporation to soil has been suggested as a strategy to improve crop productivity and soil quality, which may also affect microbial activity. It is well documented that biochar physico-chemical properties as well as induced changes by biochar in soil physicochemical can change the activities of soil microorganisms. Biochar is porous body where pores serve as habitat for soil microorganisms [42,43]. It can be concluded from the study of [43] that biochar macropores (>200 nm) are the right size to accommodate bacteria which probably represent most of the protected microbial habitats. The biochar production temperature determine the size of these pores, where at elevated temperature organic matter volatilized creating larger pores. Moreover, the pore size and abundance is also determined by the biochar feedstock. The biochar greater surface area leads to more chances for microbial colonization. The biochar chemical properties like (1) 
Oleszczuk et al.
[47] inspected the sorption of the terbuthylazine in biochar-amended soils and found that the adsorption coefficient increased by 63 and 2.7 times in the BC700 and BC350 biochar amendment soil respectively. Based on many published research reports, two important mechanism such as surface adsorption and partition is responsible for organic pollutants removal. Adsorption refers to the surface interactions leading to adhesion of pollutant molecules to biochar surfaces, whereas sorption includes both surface adsorption as well as partition of pollutant molecules in the micropores of biochar (without differentiating the two processes).
Biochar as a nutrients source
Biochar can serve as a direct nutrient supply or indirectly increase soil nutrients availability. Smider et al.
[40] reported agronomic performance of a high ash biochar produced from tomato green waste by incorporation into soil resulted increased in the shoot dry matter of corn. The increased in shoot dry matter of corn was attributed to release of nutrients from the biochar and biochar liming effect and associated increased availability of nutrients. Generally, the ash fraction of biochar consisted of nutrients including N, P, K, S, Ca, Mg, Mn, Fe, and Zn which are required for plant growth. In a greenhouse experiment, radish yields (up to 96%) increases from application of biochar produced from poultry litter and suggested that this increased yield was mainly due to the biochar's ability to increase N availability [36]. During the two rice/wheat rotations, seasonal application of 4.5 t ha 
